
C H A P T E R  II 
L IT E R A T U R E  S U R V E Y

In this chapter, background on the fou lin g  form ation w ill be provided. 
T hen, a num ber o f  proposed  m ech anism s o f  the form ation w ill be d iscu ssed . 
A fter h av in g  som e ideas on the fou lin g  form ation, the ch em ica l treatm ent 
techn ique u sed  in the industry to reduce or inhibit the fo u lin g  w ill fo llo w .

2.1 F o u lin g  M e c h a n ism

W h ile  the p recise m echanism  o f  fou ling  p ro cesses in the cau stic  tow er  
is not k n ow n  w ith  certainty, typ ically  tw o  m ech anism s have been  identified  
that are resp on sib le  for the foulant form ed in the caustic  units. A cco rd in g  to 
M artin (1 9 9 8 ) , the tw o  m ech anism s are the free-radical p olym erization  o f  
d ien es in itialed  by heat and m etal and the aldol con den sation  o f  carbonyl 
com p ou n d s in the presence o f  caustic. Unsaturated com p on en ts in the cracked  
gas, particularly d ien es and higher acety len es, react to  form  p olym eric  
com p ou n d s in the scrubber so lu tion  by m eans o f  the free-radical m echanism . 
On the other hand carbonyl com p ou nd s, w h ich  are form ed in the cracking  
p rocess, are con den sed  into the caustic  system  and undergo the aldol 
con d en sation  p olym erization . The basic environm en ts provided  by the caustic  
system , heat and resid ence tim e cata lyze  and prom ote the reaction .

O f  the tw o  m ech anism s described  above, it appears that the aldol 
con d en sation  is the predom inant reaction  in ethane cracker plant due to the 
relatively  sm all quantity o f  d ienes produced from  the cracking reaction  o f  
ethane. For the b en efit o f  ethane cracker operators, this study is, therefore, 
directed toward the aldol condensation  only.
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2 .2  C a r b o n y l F o u lin g  M ech a n ism

T yp ical set up o f  cau stic  tow er in eth ylene plants cracking ethane is 
sh ow n  in Figure 2 .1 . B ased  on the carbonyl fou lin g  m ech anism , the fou lin g  
d ep osits accum ulated  in the caustic tow er, are results o f  the aldol con den sation  
reaction.

2 (R -C H  -C -H ) OH-
O H  o

R -C H  -C -C H -C -H

(2 . 1)
P O L Y M E R .

H R

C arbonyl Precursor

C arbonyl com p ou nd s such as acetaldehyde and other a ld ehydes, 
form ed in the cracking furnaces, rem ain w ith the cracked gas until it reaches 
the cau stic  tow er. Inside the caustic tow er, the a ld ehydes are con d en sed  into 
the cau stic  sy stem  and the aldol reaction starts. The am ount o f  the a ld eh yd es  
rem oved  from  the cracked gas stream by m eans o f  this m ech anism  dep end s on 
operating tem perature, pressure, num ber o f  caustic recircu lation  stages, caustic  
recircu lation  rate, and type o f  tow er internals. The tow er rem oves b etw een  50  
and 95%  o f  the aceta ldehyd e from the cracked gas. T he p resen ce o f  the dilute  
cau stic  so lu tion  that serves as a catalyst for the reaction is su itab le for 
prom oting the aldol condensation . T he a ld ols form ed are essen tia lly  in so lu b le  
in the cau stic  so lu tion , therefore d eposit upon the internal su rfaces o f  the 
caustic  tow er.

In the p resence o f  the dilute caustic  so lu tion , a ld ehyde u ndergoes 
dim erization  reactions, w h ich  result in increasing its m olecu lar w eig h t. The  
p olym erization  rate increases as tem perature rises. A t a certain point, the
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reaction  products b ecom e inso lub le  in the recircu lating cau stic , and d ep osit on 
the tow er trays. T hese dep osits have an orange-brow n co lor  and p h ysica lly  
look  like free radical generated polym er. M artin (1 9 8 8 ) a lso  sh ow ed  that 
u sin g  certain proprietary ch em ica ls that interfered the p olym erization  reaction  
cou ld  reduce the carbonyl fouling.



6

W a s h e d  c r a c k e d  g a s

Figure 2.1 C a u s t ic  to w e r .
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A  m o r e  s p e c i f ic  m e c h a n is m  to  th e  a ld o l  c o n d e n s a t io n  o f  a c e ta ld e h y d e  
w a s  p r o p o s e d  b y  G ra h a m  (1 9 9 0 ) .  T h e  m e c h a n is m  in c lu d e s  fo u r  s te p s .

S te p  1
T h e  b a s e  ( h y d r o x id e  io n )  a b s t r a c ts  a  p r o to n  f ro m  th e  a - c a r b o n  o f  o n e  

m o le c u le  o f  a c e ta ld e h y d e  to  g iv e  a  r e s o n a n c e - s ta b i l i z e d  e n o la te  io n .

ช:

H O : '+  H ------ C H 2C H  H O H  + |_ :C H 2 C H  --------►  C H 2= C H[
O: :ช : ' 

= c h ] (2.2)

S te p  2
T h e  e n o la te  io n  a c ts  a s  a  n u c le o p h i le  -  a s  a  c a r b a n io n  -  a n d  a t ta c k s  

th e  c a r b o n y l  c a rb o n  a to m  o f  a  s e c o n d  m o le c u le  o f  a c e ta ld e h y d e .  T h is  s te p  
g iv e s  a n  a lk o x id e  io n .

ช: ะช: ะช:' O

C H 3C H  + : C H 2------ C H  .......  -  C H 3C H C H 2C H
À

y
O:

(2.3)

c h 2 CH
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S te p  3
The alkoxide ion abstracts a proton from water to form aldol. This

step takes place because the alkoxide ion is a stronger base than a hydroxide
ion.

ะซ:" :O H

C H 3C H C H 2C H  +  H O H  ะ= — ► C H 3C H C H 2C H  + :O H (2 .4 )

S te p  4
T h e  d e h y d r a t io n  o f  a d d i t io n  p r o d u c t  f ro m  s te p  3

O H  O  O H  o

H O : +  C H 3C H ------ C H ------- C H  »  C H 3C H ------- C H ------- C H  (2 -5 )

C H 3C H = C H ------ C H

P r e c u r s o r  fo r  p o ly m e r iz a t io n

2.3 Reduction of the Fouling in a Caustic Tower

H y d r o x y la m in e  a n d  its  h y d r o c h lo r id e  a n d  s u l f a te  s a l ts  h a v e  b e e n  u s e d  
to  in h ib i t  th e  p o ly m e r  fo rm a t io n  c a u s e d  b y  th e  c o n d e n s a t io n  o f  a ld e h y d e s  
c o n ta in e d  in  c a u s t ic  s c r u b b e r  u n its  ( R o l in g ,  1 9 8 7 ). S im i la r ly ,  h y d r a z id e  
c o m p o u n d s  c a n  in h ib i t  th e  fo rm a t io n  a n d  d e p o s i t io n  o f  th e  p o ly m e r - b a s e d  
f o u l in g  m a te r ia l s  a f te r  th e  c a u s t ic  s c r u b b in g  o f  h y d r o c a r b o n  s t r e a m s  (L e w is ,
1 9 9 4 ). D e s p i te  th e  t r e m e n d o u s  s u c c e s s  o f  s u c h  t r e a tm e n ts ,  th e  h y d r o x y la m in e
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a n d  h y d r a z id e  c o m p o u n d s  a re  e x p e n s iv e  a n d  m u s t  b e  o v e r f e d  to  th e  c a u s t ic  
s c r u b b e r  u n its .

E th y le n e d ia m in e s  a n d  w a te r  s o lu b le  s a lt  fo rm s  t h e r e o f  h a v e  b e e n  u s e d  
to  in h ib i t  th e  c a r b o n y l  b a s e d  fo u lin g ,  p a r t ic u la r ly  a ld e h y d e  fo u l in g ,  th a t  o f te n  
o c c u r s  d u r in g  th e  c a u s t ic  s c r u b b in g  o f  l iq u id  o r  g a s  p h a s e  h y d r o c a r b o n  
s t r e a m s  ( A w b r e y ,  1 9 9 0 ). A m in o - c o n ta in in g  a ry l  c o m p o u n d s  h a v e  b e e n  
a p p l ie d  a s  in h ib i to r s  fo r  th e  fo rm a t io n  a n d  d e p o s i t io n  o f  th e  f o u l in g  m a te r ia ls  
d u r in g  th e  c a u s t ic  w a s h in g  o f  h y d r o c a r b o n  g a s e s  ( D u n b a r ,  1 9 9 3 ). H o w e v e r ,  
n o t  a ll a m in e - c o n ta in in g  a ry l  c o m p o u n d s  a re  e f f e c t iv e  fo r  th is  p u rp o s e .  
M o r e o v e r ,  s o m e  o f  th e m  a re  n o t e v e n  s o lu b le  u n d e r  th e  c a u s t ic  w a s h in g  
c o n d i t io n s .

A c e to a c e ta te  e s te r  h a s  b e e n  u s e d  to  in h ib i t  th e  p o ly m e r  b a s e d  fo u lin g  
in  b a s ic  ( p H > 7 )  w a s h  s y s te m s  o f  th e  ty p e  a d a p te d  to  r e m o v e  im p u r i t ie s  fo rm  
l iq u id  o r  g a s  p h a s e  h y d r o c a r b o n  m e d iu m s  (R o l in g ,  1 9 9 3 ). A d d i t io n a l ly ,  a 
s o lu t io n  o f  a  p e r c a r b o n a te  o f  a  G r o u p  I o r  G r o u p  II m e ta l  h a s  b e e n  u s e d  to  
in h ib i t  th e  fo rm a t io n  a n d  d e p o s i t io n  o f  th e  fo u l in g  m a te r ia ls  d u r in g  th e  b a s ic  
w a s h in g  o f  h y d r o c a r b o n s  c o n ta m in a te d  w i th  o x y g e n a te d  c o m p o u n d s  
( M c D a n ie l ,  1 9 9 3 ).

A n  a r o m a t ic  a m in e  s e le c te d  f ro m  th e  g ro u p  c o n s i s t in g  o f  2 - 
a m in o p h e n o l ,  4 - a m in o p h e n o l ,  4 - a m in o b e n z e n e s u l f o n ic  a c id  a n d  s a l ts  th e re o f ,  
4 - a m in o - o - c r e s o l ,  3 - a m in o p h e n o l .  2 - a m in o b e n z o ic  a c id  a n d  s a l ts  th e r e o f ,  3 - 
a m in o b e n z o ic  a c id  a n d  s a l ts  th e re o f ,  a n d  4 - a m in o b e n z o ic  a c id  a n d  s a lts  
t h e r e o f  to  th e  c a u s t ic  s o lu t io n  c a n  r e d u c e  th e  fo u l in g  in  th e  c a u s t ic  to w e r .  A  
p r e f e r r e d  s u b s t i tu te d  a r o m a tic  a m in e  h a s  b e e n  th e  s o d iu m  s a l t  o f  4 - a m in o -  
b e n z e n e s u l f o n ic  a c id  in  a q u e o u s  s o lu t io n  (L e w is ,  1 9 9 8 a ) .

N o n - e n o l iz a b le  c a rb o n y l  c o m p o u n d s  h a v e  b e e n  u s e fu l  fo r  th e  
in h ib i t io n  o f  th e  o x y g e n a te d  h y d r o c a r b o n  f o u l in g  in  th e  c a u s t ic  s c ru b b e r .  
P r e fe r r e d  n o n - e n o l iz a b le  c a rb o n y l  c o m p o u n d s  h a v e  b e e n  fo rm a ld e h y d e ,
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glyoxal. benzaldehyde, p-anisaldehyde, formic acid, glyoxalic acid and
paraformaldehyde (Lewis, 1998b).
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